Abstract-The capacity of servicemembers with amputation to return to duty after combat-related amputation and the associated disabilities remains largely unknown. The purpose of this study was to examine the disabling conditions and return to duty rates of servicemembers with amputation across all service branches following major limb amputations from September 2001 through July 2011. Pertinent medical information, military occupation status, return to duty designation, disabling conditions, and disability ratings for each servicemember were obtained from the Physical Evaluation Board Liaison Office (PEBLO). Across all service branches, 16 (2%) servicemembers were found fit for duty (Fit) and allowed to continue with their preinjury occupation. Another 103 (11%) were allowed to continue on Active Duty (COAD) in a less physically demanding role. More than half (554, 56%) were determined fully disabled (PEBLO rating > 75); the average disability rating was 73. COAD and Fit Army servicemembers had lower Injury Severity Scores than other servicemembers (17.4, p = 0.009 and 11.2, p < 0.001, respectively). Despite improvements in their care and rehabilitation, only 13% of all servicemembers with amputation are able to return to Active Duty and many have multiple disabling conditions that contribute to a very high level of disability.
INTRODUCTION
Servicemembers who sustained an amputation subsequent to an injury during Operation Iraqi Freedom (OIF), Operation Enduring Freedom (OEF), and Operation New Dawn (OND) are typically severely injured and require extensive resources during their treatment and rehabilitation [1] [2] . While there has been previous research looking at return to duty (RTD) after severe combat-related injuries [3] , including amputations [4] , analysis of the disabling conditions, disability ratings, and RTD rates between branches of military service for servicemembers sustaining an amputation has not been performed.
RTD rate and Physical Evaluation Board Liaison Office (PEBLO) disability ratings are the best rating scales the military has to determine functionality and disability after severe injury [5] [6] [7] [8] . By identifying the most common disabling conditions and assessing how often servicemembers with amputation are able to return to duty, areas of emphasis during treatment and rehabilitation can be further refined. Furthermore, improved guidance and expectations can be set for combat-related servicemembers with amputation in terms of their outcomes, abilities, and rehabilitative efforts. The purpose of this study was to determine the most common disabling conditions, the effect of these disabling conditions, and the differences in RTD rates between service branches for those servicemembers with amputation injured during OIF, OEF, and OND.
METHODS
This study was conducted in accordance with an approved protocol by our institutional review board at the United States Army Institute of Surgical Research. All U.S. servicemembers who sustained a primary, major limb amputation (MLA) from October 1, 2001, through July 30, 2011, were identified by querying a military amputation database (MAD) (the Extremity Trauma and Amputation Center of Excellence; Joint Base Fort Sam Houston, Texas). MLA is defined as an amputation that occurs proximal to the carpals or tarsals of the affected limb [9] [10] . Injury characteristics (Injury Severity Score [ISS] , level of amputation) and demographic information (age, sex, military rank, branch of military service) were extracted for each servicemember with amputation(s). The MAD query resulted in 1,316 servicemembers who sustained an amputation(s), of which 1,221 had a primary MLA. Data were then crossreferenced by reviewing records within the Department of Defense Trauma Registry (Joint Base Fort Sam Houston, Texas), Armed Forces Health Longitudinal Technology Application, and the Theater Medical Data System in order to obtain the most complete data. Amputation patterns were classified as transtibial, knee disarticulation, transfemoral, lower-limb other (ankle disarticulation, hip disarticulation, hemipelvectomy), and upper-limb amputation (ULA), which includes all ULA subtypes ranging from wrist disarticulation to shoulder disarticulation. Servicemembers with amputation(s) were considered to have multiple amputations if more than one MLA was performed. All servicemembers with amputation(s) were members of either the U.S. Army (Army), the U.S. Air Force (Air Force), the U.S. Marine Corps (Marine), or the U.S. Navy (Navy). Servicemembers in the National Guard or reservists were included in the query if they were Active Duty when the designated injury occurred.
Servicemembers with amputation were queried within their service branch-specific PEBLO database. The PEBLO is a group of medical personnel whose sole responsibility is to establish whether or not injured servicemembers are recovered sufficiently to continue serving on Active Duty status. Once a servicemember has reached a point of maximal medical benefit, those that are capable are placed back on Active Duty status. Servicemembers that warrant further evaluation prior to returning to Active Duty are referred to the PEBLO to determine if a disability exists precluding the servicemember from performing his or her Active Duty role completely. The PEBLO can determine if a servicemember is fit for duty (Fit); eligible for continuation on Active Duty (COAD)/continuation on Active Reserve in a limited capacity or under a new occupational role; needs to be placed on the temporarily disabled retired list (TDRL), which allows for additional recovery time; permanently retired (PR); or should be separated with severance pay without disability pay (SWSP). For those who are unable to return to duty, the medical conditions that preclude them from doing so are called "disabling conditions." Each disabling condition receives a rating, which reflects the servicemember's percentage decline from functional status. The individual disabling conditions' ratings are combined into an overall disability rating, which determines eligibility for disability benefits once they are no longer on Active Duty status. All military personnel with a final disability rating above 75 are considered to be fully disabled and eligible for the maximum allotted disability payment [10] . RTD status, disabling conditions, disability ratings, military occupation status, and final total disability rating for each servicemember with amputation was gathered from each PEBLO. Disabling conditions were grouped into categories per Cross et al. [11] , and the frequency of disability category and the average disability ratings for each were calculated. The effect for each unfitting condition was determined by multiplying the average percentage disability for each disabling condition by the frequency with which each condition occurred [11] . Statistical analysis was performed using Fisher exact test and chi-square to analyze categorical data and analysis of variance to analyze continuous data. Significance was set at p < 0.05. A linear regression analysis and computation was then performed comparing servicemembers' ISS to their final PEBLO disability rating.
RESULTS
A total of 947 servicemembers who sustained an amputation had final PEBLO duty disposition information available at the time of data collection. In total, only 103 (11%) servicemembers with amputation had a final rating of COAD, and 16 (2%) servicemembers with amputation had a final duty status of Fit ( Table 1) . The mean age (24.0 yr), median rank (Enlisted 4) and percentage male (98.4%) demonstrated that this cohort was demographically consistent with previous studies of wounded servicemembers [3] [4] [10] [11] . There were significantly more Air Force servicemembers with amputation found Fit than in other branches of service (p < 0.001), and no Marine or Navy servicemembers with amputation were found Fit. There were 981 total servicemembers with PEBLO disability ratings available at the time information was collected ( Table 2) . Of all servicemembers with amputation, 56 percent were given a disability rating of 80 or higher, signifying that over half of all servicemembers with amputation were determined to be fully disabled. Across services, Marines were more likely to have a final disability rating of 100 than other service branches. Conversely, mean final PEBLO disability ratings were significantly (p < 0.001) lower for Marines than for Army servicemembers with amputation; however, when those Marines who were SWSP (by definition these servicemembers receive a disability rating of zero because they are not eligible for disability payments) were removed, there was no significant difference in the mean disability rates among service branches ( Table 3 ). There is no information available that specifically details why servicemembers with amputation would receive a final disability rating of zero.
ISSs were similar across all branches of service for servicemembers with amputation ( (15) 85 (12) 85 (12) 23 (3) 98 (14) 1 (0) 0 (0) Air Force 13 (9) 17 (7) 14 (5) 29 (11) 10 (4) 38 (15) (12) 124 (13) 103 (10) 115 (12) 34 (3) 142 (14) 2 (0) 31 (3) SWSP Table 1 .
Final Physical Evaluation Board Liaison Office duty status. COAD = continuation on Active Duty, Fit = fit for duty, PR/PDRL = permanently retired/permanent disability retired list, SMWA = servicemember with amputation, SWSP = separated with severance pay without disability benefits, TDLR = temporarily disabled retired list. Table 2 .
Final Physical Evaluation Board Liaison Office (PEBLO) disability ratings.
Note: All final disability ratings above 80 are considered to be "complete disability" and receive maximum disability benefits. 56% of all SMWA qualify for "complete disability" (rating > 75). All SMWA with final PEBLO disability rating of zero were separated with severance pay without disability pay. SMWA = servicemember with amputation. (receiving a disability rating of zero). Excluding those servicemembers with amputation who were SWSP and received a disability rating of zero, the ISS showed very little correlation (R 2 = 0.20) to combined disability rating ( Figure) .
On average, each servicemember with amputation was denoted 2.3 disabling conditions by the PEBLO (range: 1 to 8 disabling conditions). As expected, limb amputations accounted for the largest effect in terms of disabling conditions among the servicemembers with amputation. Similarly, 6 of the top 10 most impactful disabling conditions were related to musculoskeletal limb injuries. The most impactful nonmusculoskeletal-related disabling conditions were posttraumatic stress disorder (third overall) and traumatic brain injury (sixth overall) ( Table 5) .
DISCUSSION
There has been a substantial number of amputations among U.S. servicemembers involved in OIF, OEF, and OND [3] [4] 10, [12] [13] . Depending on severity, treatments rendered, and rehabilitation, many servicemembers are unable to return to Active Duty status following amputation [3] [4] 9] . This study attempted to examine the effect of amputation on RTD rates, disability ratings, and duty status among all branches of service. When analyzing RTD rates in general, only 2 percent of all servicemembers with amputation, regardless of service branch, were declared Fit and another 11 percent were declared COAD by the PEBLO. When comparing RTD rates of this study with previous studies from OIF, OEF, and OND, our overall RTD rate of 13 percent was lower yet comparable with those previously published [3] [4] . Still, the RTD rate is higher than the 2.3 percent RTD rate reported for servicemembers with amputation by Kishbaugh et al. in 1995 [14] . This difference could represent changes in policy to increase the rate at which servicemembers with amputation return to service, improvements with regards to treatment and rehabilitation of our combat-related servicemembers with amputation receive over the past 20 yr, or a combination of these affects.
This study also highlights the difference in RTD rates after amputation between service branches. Recent studies have highlighted variability in RTD rates based on Military Occupational Specialties, and this study affirms varying RTD rates exist between service branches [15] . While it may seem intuitive that each of the service branches provide varying degrees of combat support, each with their own specific set of physical demands, this study underscores different RTD rates between service branches. The difference in RTD rates between service branches may be due in part to the larger number of servicemembers with amputation in the Army and Marines in comparison to the Air Force and Navy. Still, when comparing RTD rates between service branches, Marine and Navy servicemembers with amputation are found to be Fit or COAD at lower rates than both Army and Air Force. In contrast, Air Force members were significantly more likely to be found Fit and RTD status following an amputation (20%). Table 4 .
Average Injury Severity Score (mean ± standard error of mean) for final duty status and disability ratings. COAD = continuation on Active Duty, Fit = fit for duty, PR/PDRL = permanently retired/permanent disability retired list, SMWA = servicemember with amputation, SWSP = separated with severance pay without disability pay, TDRL = temporarily disabled retired list.
and procedures, in addition to specific demands for each service branch, must be considered when looking at these data. These policies may help explain the disability ratings and recoveries achieved by some servicemembers with amputation, such as those who were SWSP. All service branches have taken steps to optimize the rehabilitative outcome of their injured servicemembers, and institutions such as the Center for the Intrepid at Fort Sam Houston serve as examples to this. Still, whereas a servicemember who sustained a severely limiting leg injury may be able to operate at a command center without issue, it would seem to be more difficult for that servicemember to perform in a role that included parachuting into and marching through tough terrain. These decisions are made by each servicemember's command and service branch, along with the Physical Evaluation Board, and highlight the individual nature of each case. Service branches may find it helpful to compare and contrast their policies, procedures, and rehabilitative work in an effort to further improve the RTD rates of servicemembers with amputation.
Figure.
Injury Severity Score for all servicemembers with amputation denoting final disability rating. Regression analysis represented by R 2 .
Of note, servicemembers with amputation who received disability rating of 0 (those servicemembers with amputation separated with severance pay and not receiving disability benefits) and those with amputation found fit for duty are not included in this graph. This exclusion was made because such designations were thought to reflect policy more than actual disability experienced by servicemembers with amputation.
The exact policies and procedures for each service branch can be found at- This study found that the majority of servicemembers with amputation are considered to have a high degree of disability. The mean disability rating was very similar across all branches of service, and over 56 percent of all servicemembers with amputation were determined to have a disability rating of 80 or greater, signifying that the PEBLO found them to be fully disabled [8] . Such severe disability is important to note for multiple reasons. It gives providers, servicemembers with amputation, and their support network a realistic idea of what type of recovery they can expect in terms of ability to continue with their previous duties and the amount of support they are likely to require as they recover. While treatment and rehabilitative efforts continue to provide wounded servicemembers with unprecedented advantages compared with previous generations [16] [17] [18] [19] [20] , this study shows that there still appear to be a cohort of injured patients, specifically, servicemembers with amputation, in which the most advanced technology and rehabilitative efforts are unable to completely mitigate the effects of severe war trauma. It is important to further note in this discussion that no two injuries or wounds are created equally. While two people may be identified as having a transtibial amputation, one amputation may have come after a vascular injury secondary to a penetrating wound that was treated immediately with an amputation that had great soft tissue coverage in an optimal environment. The other amputation may have occurred after a blast injury in which there was significant soft tissue injury, subsequent infection, and a prolonged period of limb salvage prior to undergoing the amputation. These two examples describe different clinical pictures of amputations but would be grouped together for the purposes of this article. The initial ISS of servicemembers with amputation does not correlate well (R 2 = 0.20) with outcome and overall disability rating. This finding suggests that the overall disability of servicemembers with amputation is not related to how severely they are initially injured and appears to be more related to the specific orthopedic injuries sustained. orthopedic injuries drive the disability of injured servicemembers [11] . Such a finding appears to be even more evident when looking at severely wounded servicemembers who have sustained an amputation. A servicemember with amputation with a higher ISS does not necessarily go on to have more disability than one with a lower ISS since most servicemembers with amputation were found to be severely disabled with the exception of the small percentage of servicemembers who were able to return to duty. The focused nature and acuity in treatment and rehabilitation now offered to all servicemembers may also influence the similarity in overall disability seen between those servicemembers with amputation with large and small ISS.
Cross et al. also found that 76 percent of all disabling conditions reported from combat-related wounds involved the musculoskeletal system [11] . This study supports their findings: 6 of the top 10 most impactful disabling conditions found among these servicemembers with amputation involved the musculoskeletal system. While lower-limb amputations and ULAs are to be expected considering this cohort, loss of major nerve function and arthritis/decreased joint motion rank as the fourth and fifth most impactful disabilities. Such disabilities are potentially critical when considering that the servicemembers in this study have already Table 5 .
Impact scores for disabling conditions for all servicemembers with amputation. Frequency = number of times disabling condition was identified, Impact = calculation made by multiplying frequency with which each disabling condition occurred by mean disability rating that each disability received, Mean Rating = mean of all of individual disability ratings assigned to each specific disabling condition. lost a limb. Losing function of another limb could have important implications during rehabilitation, affect their function and ability to reintegrate into society [21] , and may lead the servicemember to consider an amputation of another limb [22] . Posttraumatic stress disorder and traumatic brain injury were also very impactful disabling conditions. While such conditions are quite common among those injured in combat, it should be recognized that such a condition is likely to hamper the rehabilitative efforts of these injured servicemembers [23] . As such, rehabilitative efforts for these servicemembers should include some aspect that deals directly with these conditions in order to maximize their outcomes.
This study has a number of limitations. First, this is a retrospective analysis that utilized a number of data sources. As such, it is vulnerable to the biases and potential errors that are innate with such studies. The outcome data used in this study are relatively short-term since they only represent a servicemember's function at the point at which a decision was made on his or her status by the PEBLO (which may be months or years after their initial injury). It is possible that some of the servicemembers with amputation who were found to be severely disabled and retired actually went on to gain good long-term function.
While the PEBLO results provide an assessment of military-specific outcomes with regard to RTD and conditions that preclude return to Active Duty status, each branch of service (Army, Air Force, and Navy/Marines) has slightly different policies regarding the designation of a disability percentage and use of disability payments. For example, some servicemembers, specifically within the Marines, received a disability percentage designation of zero. This does not indicate that the amputation was not recognized as a disability. The injury and amputation are identified as service disqualifying conditions; however, the rating percentage is not emphasized as is the determination of the disqualifying or unfitting condition. By virtue of the servicemember's medical retirement, he or she is designated to be a disabled veteran, which is of paramount importance for matriculation in the Department of Veterans Affairs healthcare system even if the military disability percentage per service-specific policy is zero. More so, receiving a disposition of COAD, PR, TDRL, or Fit does not mean that each individual can perform the same tasks. COAD could mean returning to a desk job for some servicemembers, whereas it could mean participating in more strenuous labor for another. These gradients of function within each disposition are difficult to define because each individual case will have different limitations and expectations within their final disposition. Furthermore, the level of training and desire to return to duty for each injured servicemember may also have an effect on their disability. One study found that members of the Special Forces were almost 10 times more likely to deploy after undergoing an amputation than the general amputee population [24] . Such findings could indicate that specific patient populations have either intrinsic or extrinsic factors that help them minimize disability from injury. However, the authors are unaware of any studies that have identified such factors within a military population and this study did not attempt to do so either.
This study did not utilize patient-reported outcome measures such as the Short Musculoskeletal Function Assessment or 36-Item Short Form Health Survey questionnaires [25] . The purpose of this study was not to negate work that may have been performed by previous authors but merely to highlight what information we do have available with respect to combat-related individuals with amputation and their corresponding disability ratings. The disability ratings reported for servicemembers with amputation do not reflect a percentage based on function. In fact, the disability ratings for medical separation are based on percentages for diagnoses and are not based on any functional assessment of an individual (e.g., the percent rating for a single transtibial amputation is the same across all patients, independent of function). It is also important to note that an individual's desire to remain on Active Duty plays a role in his or her final disposition. It is likely that servicemembers with an amputation who strongly desire to return to a Fit status will obtain that status at a higher rate than servicemembers with an amputation who have little desire to stay in the military. Furthermore, there may be financial incentives that could influence a servicemember's desire to remain on Active Duty or seek permanent retirement. COAD will result in a servicemember returning to his or her original salary, whereas PR may entitle the servicemember to disability benefits/pay in addition to whatever the salary of his or her next employment may be. As mentioned, each service branch has different policies and guidelines and each individual case has multiple variables to be considered. In addition, all injuries are not created equal. Some amputations are certainly more severe than others, and it was impossible to qualify each specific injury that was evaluated by this study. All of these factors should be considered when analyzing the RTD rates of this population. As such, these results may not translate well to the civilian population because there seem to be numerous differences between civilian and military trauma patients in terms of their potential incentives to return to work in addition to their treatment and rehabilitative options. One of the strengths of this study was the fact that all of the amputations within the 10 yr time frame were included; therefore, this mitigated the selection bias that is present in smaller single-center studies. Still, it is impossible to say if these data will remain constant over time. Technologies, policies, and rehabilitation abilities change with time and there is likely to be a variation in the disability found among servicemembers with amputation because of these changes. At a later date, it would be interesting to further evaluate the disabilities of servicemembers with amputation during distinct time periods of these conflicts to further illustrate the distinct patterns found within those periods.
CONCLUSIONS
Despite continued improvements in their care and rehabilitation, only 13 percent of all servicemembers with amputation are able to return to Active Duty, with merely 2 percent being able to return to their original occupation. Army and Air Force servicemembers with amputation appear to return to duty at higher rates than Marine and Navy servicemembers, and those who do return to duty tend to have fewer or less severe associated injuries. The majority of servicemembers with amputation have multiple disabling conditions that contribute to a very high level of disability and may make rehabilitation more challenging. Much like the general population of injured servicemembers, 6 of the top 10 most impactful disabling conditions in this population are related to musculoskeletal injuries and two of the other most impactful disabilities are conditions that can negatively affect a servicemember's ability to regain physical and emotional function.
